INTRODUCTION
============

Large congenital melanocytic nevus (LCMN) most commonly appears between the fifth and 24^th^ weeks of gestation and has an estimated incidence of less than one in 20,000 newborns.^[@r1],[@r2]^ A morphological error in the neuroectoderm during embryogenesis is believed to lead to the unregulated growth of melanoblasts, the precursor cells of melanocytes.^[@r3]^

Several criteria have been used by different authors to define a congenital melanocytic nevus (CMN) as large.^[@r4]-[@r9]^ The system proposed by Kopf *et al.*^[@r10]^, the most accepted, arbitrarily classifies CMN, according to the size the lesion will reach in adulthood, in small (\<1.5 cm), medium (1.5--19.9cm), and large or giant (at least 20 cm).^[@r7],[@r11]-[@r19]^

Although rare, LCMN is important because it may be associated with serious complications, such as melanoma and central nervous system impairment (neurocutaneous melanosis). LCMNs also have a major psychosocial impact on patients and their families, often due to their unsightly appearance.^[@r11],[@r12],[@r20]-[@r22]^ Hence, a therapeutic approach is often quite distressing for patients. However, the decision regarding the best approach can also cause high anxiety among health professionals, since there is no true consensus on this issue.^[@r14],[@r23]^ Thus, a more accurate estimate of these risks would be highly desirable to assist in making the decision about whether or not an LCMN should be prophylactically excised.

In this sense, the present study was conceived to evaluate the risk of melanomas in patients with LCMNs who were examined at a referral dermatology center in Brazil. To the best of our knowledge, there are few prospective studies assessing the risk of melanoma in LCMN.^[@r17],[@r24]^ To contribute to the expansion of the knowledge in this area, the Registry of Large Congenital Melanocytic Nevi was created at the Federal University of Minas Gerais (UFMG), Belo Horizonte, Brazil, in 1999.

METHODS
=======

This prospective study started in 1999 and included all patients with LCMNs evaluated in the Department of Dermatology at UFMG from 1999 to 2011. The study was approved by the Ethics Review Board of the Institution.

An LCMN was defined as a melanocytic nevus present at birth that has a diameter of ≥20 cm (or that is expected to reach 20 cm at any time in life, according to the available criteria for estimating the diameter of a nevus in adulthood).^[@r25],[@r26]^

Data from each patient included age at the first appointment, gender, skin color, characteristics of the nevus (size, location), number of satellite lesions, follow-up period, personal and family history of melanoma, neurological symptoms, clinical neurological imaging, presence of neurocutaneous melanosis, type of treatment, and family history of congenital nevi.

The follow-up period was defined as the interval between the date of the first and last visit or contact (or the date of melanoma diagnosis, when applicable). Follow up was performed during the patient\'s periodic appointments at the Clinic. In few cases, information was updated through phone contacts.

Patients whose follow-up was less than 1 month and/or those who had a diagnosis of melanoma before entering the study were excluded from statistical analysis.

Survival was calculated by the Kaplan-Meier analysis.^[@r27]^ Thus, it was possible to determine the cumulative risk of the occurrence of a melanoma in this population over a five-year period, as well as its 95% Confidence Interval (CI).

The latest data from the Cancer Registry of the city of Belo Horizonte, Brazil, available at the Brazilian National Institute of Cancer, were used for the calculation of the standardized morbidity ratio. ^[@r28]^ The Cancer Registry actively searches and analyzes data on cancer incidence, according to global technical standards and following quality criteria that measure the coverage and validity of data. Information on the incidence of melanomas in the study group was matched for age, gender, and follow-up time to determine the number of tumors expected to be found in the sample under examination when subjected to the same incidence rates of melanoma as the general population. The ratio between the number of melanomas observed and the expected number (standardized morbidity ratio), which is interpreted as a measure of relative risk,^[@r8],[@r12],[@r20],[@r26]^ was then calculated. The 95% CI was obtained by the mid-p exact test.

RESULTS
=======

Six of the 63 patients recruited were excluded: five for insufficient follow-up time (\<1 month) and one who had developed a melanoma prior to enrollment. Median age at baseline was 2.6 years (mean 8.3 years, SD 12.1 years) ([Table 1](#t1){ref-type="table"}). Twenty patients (35.1%) were under one year of age upon entering the Cancer Registry, and 35 (61.4%) were admitted before the age of 5 ([Figure 1](#f1){ref-type="fig"}). The mean follow-up time was 5.5 years (SD 3.8 years, median 5.2 years).

###### 

Characteristics of patients with large congenital melanocytic nevi evaluated at the Department of Dermatology at UFMG

  Parameter                                                   n            \%
  ----------------------------------------------------------- ------------ ------
  **Gender**                                                               
      Male                                                    29           50.9
      Female                                                  28           49.1
  **Age at start of follow-up (years)**                                    
      Mean ± standard deviation                               8.3 ± 12.1    
      Median                                                  2.6           
  **Follow-up (years)**                                                    
      Mean ± standard deviation                               5.5 ± 3.8     
      Median                                                  5.2           
  **Skin color**                                                           
      Caucasian                                               32           56.1
      Mulatto                                                 22           38.6
      Black                                                   3            5.3
  **Family history of melanoma**                                           
      Yes                                                     0            0
      No                                                      55           96.5
      No information                                          2            3.5
  **Family history of CMN**                                                
      Yes                                                     20           35.1
      No                                                      32           56.1
      No information                                          5            8.8
  **Localization of LCMN**                                                 
      Back                                                    16           28.1
      Front trunk                                             4            7.0
      Bathing trunk variety                                   19           33.3
      Upper limb                                              1            1.8
      Lower limb                                              7            12.3
      Head/neck                                               10           17.5
  **Number of satellite nevi**                                             
      Zero                                                    8            14.0
      1-9                                                     10           17.5
      10-29                                                   9            15.8
      30-49                                                   8            14.0
      ≥50                                                     21           36.9
      No information                                          1            1.8
  **Neurological symptoms**                                                
      Yes                                                     4            7.0
      No                                                      53           93.0
  **Neurological work-up^[†](#TFN2){ref-type="table-fn"}^**                
      None                                                    20           35.1
      Computed tomography                                     28           49.1
      Magnetic resonance imaging                              11           19.3
      No information                                          4            7.0
  **Neurocutaneous melanosis**                                             
      Symptomatic                                             0            0
      Asymptomatic                                            1            1.8
      Absent or unknown                                       56           98.2
  **Treatment of LCMN^[‡](#TFN3){ref-type="table-fn"}^**                   
      Clinical observation                                    43           75.4
      Partial excision                                        6            10.5
      Complete excision                                       3            5.3
      Other                                                   9            15.8
      Dermabrasion                                            4            7.0
      Laser                                                   2            3.5
  **Excision of satellite lesions**                                        
      Yes                                                     5            8.8
      No                                                      50           87.7
      No information                                          2            3.5
  **Occurrence of melanoma**                                               
      Yes                                                     2            3.5
      No                                                      55           96.5

CMN - congenital melanocytic nevus; LCMN - large congenital melanocytic nevus.

Twelve patients underwent more than one examination.

Three patients had undergone more than one type of invasive treatment.

Figure 1Age distribution of patients at the time of admission in the Registry of Large Congenital Melanocytic Nevi at UFMG

Twenty-nine patients (50.9%) were males (ratio 1.04:1); 56.1% were Caucasians, 38.6% mulattos, and 5.3% blacks. The predominant location of the LCMN was the trunk (68.4%). In 17.5% of patients the lesion was located on the head and/or neck, whereas in 14.1% it was restricted to the limbs. The \"bathing trunk\" variety was seen in 33.3% of the patients, and in 55.5% the lesion was over 40 cm ([Figure 2](#f2){ref-type="fig"}). Satellite melanocytic nevi were present in 84.2% of the patients.

Figure 2Large congenital melanocytic nevi location( the three marked images represent the melanoma cases)

No patient informed a family history of melanoma. Family history of CMN was obtained in 35.1% of the cases.

Four patients (7.0%) showed symptoms of neurological impairment (seizures and/or delay in neuropsychomotor development), but only one patient was diagnosed with neurocutaneous melanosis, which proved to be asymptomatic. Magnetic resonance imaging (MRI) was performed on 19.3% of the subjects, while computed tomography (CT) on 49.1%.

Most patients (75.4%) underwent only clinical observation. *In totum* excision was performed in three (5.3%) patients. Other therapeutic modalities included dermabrasion (7.0%) and laser therapy (3.5%). Five (8.8%) patients had one or more satellite melanocytic lesions removed for cosmetic reasons.

Melanoma developed in two (3.5%) of the 57 patients. The first patient was a female Caucasian infant with a bathing trunk LCMN and over 50 satellite lesions. The primary site of the tumor could not be determined, although a retroperitoneal origin was suggested. The second patient was a mulatto female child with a bathing trunk LCMN and numerous satellite lesions. At 4 years of age, she developed a vaginal melanoma. For both children the diagnosis was performed by experienced pathologists and confirmed by immunohistochemistry, which was positive for HMB-45 and S-100. Both went into metastasis and died a few months after the diagnosis of the melanoma.

The five-year cumulative risk for developing melanoma ([Figure 3](#f3){ref-type="fig"}) was 4.8% (95% CI: 1.9--11.5%).

Figure 3Five-year cumulative risk of developing melanoma in the population of patients with large congenital melanocytic nevus evaluated at the Department of Dermatology at UFMG

The expected number of melanomas in the studied population, matched by age, gender, and follow-up with the population of **Belo Horizonte** was 0.001263. Thus, the standardized morbidity ratio was calculated as 1584 (95% CI: 266--5232, p \<0.001).

The third case of melanoma was excluded from the risk analysis of this study, since the diagnosis of the tumor was established before having been enrolled in the Cancer Registry. This patient was a 70-year-old white male with an LCMN in the scalp, with a superimposed melanoma.

DISCUSSION
==========

Currently, there is considerable evidence available suggesting that individuals with LCMNs have an increased risk of developing melanomas. Although the range of variation in rates measuring the occurrence of melanoma across different studies has decreased in recent years, the incidence of malignancy in patients with LCMN is still controversial. ^[@r29]-[@r31]^ The low prevalence of large nevi and the scarcity of comparable prospective studies contribute to the discrepancy between the estimated risks, often based on retrospective assessments. Thus, prospective studies with long follow-up periods are warranted to establish the true incidence of malignancy on LCMN.^[@r7]^

The present study\'s prospective cohort had a mean follow- up of 5.5 years (median 5.2 years), which was similar to other prospective studies that evaluated the risk of melanoma only in patients with LCMN.^[@r17],[@r19],[@r24],[@r26]^ The median follow-up of individuals who did not develop malignancy was 5.7 years, a relatively long period of time. One important feature is that all patients have been examined and followed-up by the same observer (FVB).

The median age of 2.6 years at the beginning of the follow-up and the high percentage of patients who entered the study before the age of 10 (70.2%) indicate that enrollment occurred very early. This feature provides quality to the database since the late inclusion of subjects in a study leads to a survival bias. This is especially important when considering that the occurrence of malignancy is greater in the first 5 years of life.^[@r7],[@r30],[@r32],[@r33]^ The median presents a more appropriate index than the mean in evaluating the age of the study population, taking into account the age range for the inclusion of patients (from the first hours of life to the age of 51 years). Despite the generally early admission in the study group, the entry of 22 patients after five years of age may have caused an underestimation of the risk of malignant transformation.

The five-year cumulative risk for developing melanoma in patients (4.8%, 95% CI: 1.9--11.5%) was similar to those found in other studies that used survival analysis.^[@r19],[@r24],[@r26]^

The standardized morbidity ratio was 1584 (95% CI: 266--5232, p\< 0.001). Published values vary between 51.6 and 2599.^[@r7],[@r8],[@r16],[@r17],[@r19],[@r24],[@r26],[@r34]^ The large magnitude of the 95% CI, also observed in other studies that performed this calculation,^[@r7],[@r8],[@r19],[@r24]^ illustrates that estimating the relative risk produces a low accuracy. This occurs because of the small sample size and the limited number of events (diagnosis of melanoma) observed.

One may suspect that the high value of the standardized morbidity ratio obtained in this study was influenced by factors such as the large number of very large nevi, the high percentage of patients who did not undergo interventional treatment, and the small sample size.

Krengel *et al.*^[@r16]^ showed in their systematic review that studies with smaller samples report a higher incidence of malignant transformation (p\<0.0001, chi-square for linear trend). Although the sample examined in this study is significant, mainly because all patients were evaluated in a single service, it may not have been large enough to avoid this bias.

Moreover, the fact that our service is a referral center for pigmented lesions may have caused an overestimation of risk assessment due to the possible referral of patients with more severe conditions (e.g., larger CMN). As previously noted, one third (33.3%) of our patients presented with the bathing trunk variety, and in 55.5% the lesion was over 40 cm. These are important features, considering the fact that the larger the lesion, the greater the risk of malignant transformation.^[@r13],[@r17]^

The study population has a high percentage (75.4%) of patients who did not undergo interventional treatments when compared to other studies.^[@r7],[@r8],[@r17],[@r35]^ The high rate of untreated patients in this study provides a unique opportunity to better understand the natural history of LCMN and favors a more realistic estimate of the risk of malignant transformation.^[@r10],[@r34],[@r36]^ This risk tends to be higher than those found in studies with a greater proportion of treated individuals, although there are no controlled studies demonstrating a reduction in the incidence of melanoma due to therapeutic interventions.^[@r29],[@r35],[@r37]^

Regarding other characteristics of the studied population, our study did not confirm the slight female predominance of LCMN demonstrated in some publications, generally ranging from about 1.17:1 to 1.46:1.^[@r7],[@r13],[@r16],[@r17],[@r30],[@r33],[@r38]^ In the cohort of Swerdlow *et al.*^[@r8]^, however, CMN ≥20 cm were more predominant in male subjects (ratio 1.17:1). As for skin color distribution, the pattern observed in this study\'s sample was strictly similar to the general Brazilian population.

The most common location of LCMN was the trunk (68.4%), as reported in other studies.^[@r17],[@r19],[@r24],[@r39]-[@r41]^ In 85.9% of the study cases, LCMN had an axial location (defined as the involvement of the trunk, head, and/or neck).

The presence of satellite melanocytic nevi was observed in 84.2% of patients, and 66.7% presented ten or more lesions, figures similar to those reported in prior literature.^[@r17],[@r40]^ Information on the occurrence of satellite nevi is important given that published studies show an association between the presence of these lesions and an increased risk of melanoma^[@r1],[@r16],[@r17]^ or neurocutaneous melanosis.^[@r17],[@r25],[@r42],[@r43]^

Only 35.1% of the patients had a family history of CMN (any size), corroborating the reports that most cases of LCMN are sporadic.^[@r1],[@r11],[@r44]^

Regarding the two melanomas identified in the study population, one was found in the vaginal mucosa, while the primary site could not be identified in the second case. Studies report that about 50% of melanoma cases in individuals with LCMN are cutaneous and occur on the nevus. The main extracutaneous site is the central nervous system. In up to 24% of the cases, the origin of melanoma is unknown.^[@r17],[@r19],[@r40],[@r45],[@r46]^ Vaginal melanoma is a very rare occurrence, comprising 0.3--1.3% of all melanomas in women, with an annual incidence of 0.26 in 100,000 women in the United States.^[@r47]^ Melanoma of the lower genital tract is estimated to be responsible for only 3--7% of all cases of malignancies in that region.^[@r48]^

The patients who developed malignancy presented a LCMN in an axial location and more than 50 satellite lesions, which was similar to the trend observed in other studies.^[@r1],[@r16],[@r17],[@r40]^

In the two cases, melanoma was diagnosed in the first five years of life, a time when the risk of malignancy is intensifed.^[@r5],[@r26],[@r40],[@r49],[@r50]^ The children who developed melanomas died within a few months after the diagnosis. It is well estblished that the prognosis of melanoma associated with LCMN is usually guarded. The mortality rate in cases with garment nevus is even higher, as observed in two of our deceased patients.^[@r16]^

The risk of melanoma associated with LCMN has proven to be smaller than was believed last century. Although there is no doubt that these patients are more prone to develop malignancies than the general population, and the magnitude of this effect is controversial, it is estimated that the risk of lifelong melanoma for these individuals is around 5%.^[@r17],[@r21],[@r30]^ Therefore, the life-long probability of a patient with LCMN develop a melanoma seems small. However, the relative risk of cancer in these patients remains high.^[@r21],[@r36],[@r42]^

The decision to refer a patient for surgical treatment involves not only the technical difficulties of the procedure, but also the uncertainties about its efficacy in preventing melanomas. The recommendation of prophylactic surgical excision would be justified on the basis of the assumption that the melanoma may develop on the nevus lesion. However, up to 50% of melanomas found in patients with LCMN do not occur on the nevus itself.^[@r17],[@r40]^ Moreover, the size of a deep LCMN may render complete resection impossible.

It is difficult to measure the impact of the total excision of the LCMN or other therapeutic measures on the risk of melanoma development. The reduction of melanocytic cells most likely decreases the incidence of malignancy. However, the heterogeneity of the studies regarding the type of treatment used and its extension hampers a quantitative analysis. Thus, there is currently no scientific evidence that surgical intervention changes the risk of melanoma or other complications from LCMN.^[@r16],[@r37]^ Kinsler and Bulstrode^[@r29]^ draw attention to the fact that the cases in which CMN is likely to be completely removed are also those in which the risk of malignancy is lower because of their smaller size.^[@r35]^ For these reasons, the interventionist approach of LCMN remains controversial.^[@r11],[@r14],[@r23]^ Removal of lesions that are more heterogeneous, thick, rough or, for some other reason, clinically difficult to be followed-up, should be considered.^[@r36],[@r44]^

It is important to emphasize that even patients whose nevus was totally removed should be submitted to lifelong regular examinations of the entire skin and general medical examinations to facilitate detection of any malignancy in its early stages.^[@r11],[@r20],[@r26],[@r29]^

CONCLUSIONS
===========

There are few reports in the literature that analyze prospectively the risk of malignization of LCMN. Although it is common sense that such risk is greater in LCMN than in other nevi and in general population, its magnitude can not be precisely assessed, either due to the scarcity of studies or to methodological discrepancies. This study is the first in South America to prospectively evaluate these data and demonstrates that patients with LCMN have a greater risk of developing melanoma than the general population (p\<0.001).
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